The volumetric properties of Sodium Carboxymethylcellulose (NaCMC) in acetonitrile-water mixed solvent media containing (0.10, 0.20, and 0.40) volume fractions of acetonitrile were studied by measuring the density of solutions at temperatures (298.15, 308.15, 313.15, and 318.15) K. Besides studying the solvation behavior of the counterions, the study was focused on investigating the interactions between the counterion and the polyion. In the specified temperature range, a linear increase for apparent molar volume ( v φ ) with increasing polyelectrolyte concentration was observed in a medium with fixed volume fractions of acetonitrile. However, at a given temperature as the medium became richer in acetonitrile the limiting partial molar volumes ( 0 2 − V ) registered a decrease. But, when a polyelectrolyte solution in a fixed medium underwent a step-wise increase in temperature then 0 2 − V values increased thereby leading to the inference that a temperature-induced desolvation of the counterions results in more counterion binding at higher temperatures.
INTRODUCTION
Polyelectrolytes have numerous techno-industrial usages and they motor the molecules which are necessary for the survival of living organisms. [1] [2] [3] [4] [5] As such they have attracted the attention of many researchers. However, the properties of polyelectrolyte solutions deviate considerably from those of neutral polymeric solutions and those of simple electrolytic solutions. And the chief factors responsible for determining the properties of polyelectrolyte solutions are (i) the electro-repulsive forces that operate in between the ions of a polymer chain and (ii) the two-ways exchanges that take place in between the polyions and counterions. Of these, the first factor causes the polymer chain to expand. But the second factor not only operates in the binding of counterion, but it also has its role in determining the degree of solvation besides influencing the structure of the solvent lying near the polyelectrolytes. Finally, each of these factors in isolation affects the relative permittivity of the solvent media. When a number of mixed solvents are taken then one can observe systematic variation in the relative permittivity of the media. Using this variation one can investigate the interactions that go on in the polyelectrolyte solutions. [6] [7] [8] [9] Since the thermodynamic properties of polyelectrolyte solutions are useful in illuminating the ongoing structural interactions in solutions, they have been made use in the present investigation. Examples would make the matter clear. If the study of partial molar volumes [10] [11] [12] [13] [14] of solutes under infinite dilution facilitates the understanding of solute-solvent and solvent-solvent interactions, then the solute-solute interactions can be studied using concentration dependence of apparent molar volume [14] [15] [16] [17] of solute. The present investigation is geared towards the understanding of polyion-counterion interactions as well as the solvation behavior of the counterions using the apparent and partial molar volumes of Sodium Carboxymethylcellulose (NaCMC) in acetonitrile-water mixtures. To do so, the solution densities of SODIUM CARBOXYMETHYLCELLULOSE P. Nandi and C. Das NaCMC were measured and the apparent molar volumes of polyelectrolyte solutions were calculated at experimental temperatures.
EXPERIMENTAL
Acetonitrile (purchased from E. Merck, India with a purity >99%) was fractionally distilled with phosphorous pentoxide. The middle fraction was collected and redistilled with calcium hydride. The density and viscosity co-efficient of the distilled acetonitrile at 308.15 K were 0.76570 ± 0.00003 g.cm -3 and 0.31260 ± 0.00004 mPa.s respectively, values which conformed with the physical properties of the distilled acetonitrile as reported by the literature. 18 The mixed solvents were prepared with triple-distilled water with specific conductance value ~10 -6 S.cm -1. The measured values of density and viscosity of the mixed solvents at (298.15, 308.15, 313.15, and 318.15) K are shown in Table- 1. With the help of density and relative permittivity values of the pure solvents 18, 19 at experimental temperatures and following the method of literature, 20 the relative permittivities of the solvent mixtures were evaluated and are also incorporated in Table- 1. NaCMC (purchased from Sigma-Aldrich, USA) had an average molecular weight (M w ) ~90,000 and 0.70 carboxymethyl groups per anhydroglucose unit. Fresh stocks solutions were used for each measurement in order to avoid problems associated with aging and contamination of the solutions from a microorganism, since such observations do occur in the dilute polyelectrolyte solutions. 21 For all density measurements, an Ostwald-Sprengel type pycknometer (bulb volume of 25 cm 3 and capillary diameter 1 mm) was used. The pycknometer was standardized at the experimental temperatures with distilled water, methanol, and acetonitrile. Densities of the solutions were measured in a thermostatic water bath having an accuracy of ± 0.005 K. The precision of the density measurements was always within ± 3 x 10 -5 g.cm -3 .
RESULTS AND DISCUSSION
Thermodynamic quantities like partial or apparent molar volumes of the solute 10 are often used to study the structural interactions of polyions in solutions. In general, the partial molar volume ( 0 2 − V ) of the solute in a solution is the change in volume per mole of solute added to the mixture at constant temperature, 
. On the other hand, the formal contribution of the solute to the total volume of the solute-solvent system is defined as the apparent molar volumes ( v φ ). The apparent molar volume of the polyelectrolyte in solution is amenable to calculation using the following equation:
Where, p c is the polyelectrolyte concentration (in monomolarity), M the molar mass of the repeating unit of NaCMC with 0.70 carboxymethyl groups per anhydroglucose unit, ρ and 0 ρ are the density of the solution and solvent respectively. Table-2 shows the apparent molar volume of the NaCMC in different acetonitrile-water mixed solvents at various temperatures. To investigate the specific behavior of the polyion and the counterion comprising the polyelectrolyte it is necessary to split the of NaCl, sodium tetraphenylborate (NaBPh 4 ), and tetraphenylphosphoniun chloride (Ph 4 PCl) in acetonitrile-water mixtures at 298.15 K 26 by employing the tetraphenylphosphoniun tetraphenylborate (TPTB) assumption. 27 We, therefore, have separated the limiting partial molar volumes of NaCMC in acetonitrile-water mixtures in the given condition. The limiting partial molar volumes of sodium ion are, however, not available at the relevant experimental compositions of the acetonitrile-water mixtures. The already known values of the limiting partial molar volumes of NaCl, NaBPh 4 , and Ph 4 PCl in acetonitrile-water mixtures at 298.15 K were plotted vis-à-vis the volume fraction of acetonitrile in acetonitrile-water mixtures. Then the 0 2 − V values of these electrolytes were extrapolated in the context of the present investigation. The result was then used to get the limiting partial molar volume of sodium ion via the TPTB assumption.
In Millero's, 28, 29 work the ionic limiting partial molar volume, 0 − ion V , was considered as the combination of the following components: will contribute significantly to its limiting partial molar volume. Because of the polar nature of acetonitrile-water mixtures, the apolar part will also contribute to the polyion limiting partial molar volume through the term 0 − cage V . Sodium-ion, on the other hand, has nothing to do with caged partial molar volume. Table-4 as the solvent medium is enriched in acetonitrile. This is a manifestation of the predominance of the combined influence of the polyion-solvent electrostrictive interaction and the solvophobic filling of the intermolecular cavities of the solvent structure by the apolar parts of the polyion with increasing acetonitrile content in the medium. For sodium ion, on the other hand, the disordered partial molar volume plays a leading role. In the case of the polyelectrolyte as a whole, however, the polyion is governing the solution behavior. Here also the limiting partial molar volume of NaCMC decreases with augmentation of acetonitrile in the acetonitrile-water mixtures (Table-3 ) like the polyion. An increase in the temperature increases the limiting partial molar volume of NaCMC in a given mixed solvent medium as can be seen from Table- 3. This might be ascribed to the growing importance of the disordered partial molar volume owing to a temperature-induced desolvation of the counterion leading to more counterion binding at higher temperatures as observed earlier from conductivity measurements. 31 
CONCLUSION
The present investigation indicates that in acetonitrile-water mixed solvent media as we increase the concentration of the polyelectrolyte, the counterion binding increases noticeably and thereby weakens the ion-solvent interactions. Moreover, the polyion is found to govern the volumetric behavior of the polyelectrolyte as a whole in these solutions. Besides, there is a predominant influence of both the polyion-solvent electrostrictive interactions and the solvophobic filling of the intermolecular cavities of the solvent structure which are seen to be caused by the apolar parts of the polyion when the medium was enriched by acetonitrile. A temperature-induced desolvation of the counterions leading to more counterion binding at higher temperatures was also inferred from this study.
